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) METHOD OF MANUFACTURING SILICON SINGLE CRYSTAL 

)Abstract: 

OBLEM TO BE SOLVED: To manufacture a silicon single crystal wafer with the CZ method under stable 
idition which is capable of improving in electric performance such as oxidation high withstanding voltage surely 
hout belonging to a hole rich V region, an OSF region, and a between lattice silicon rich I region. 
LUTION: The method of manufacturing silicon single crystal wafer and silicon single crystal are characterized in 
t in the silicon single crystal water grown by the Czochralski method, in N region out side of OSF ring 
lerated in ring state at the time of heat oxidizing process for all surfaces of the wafer, no defective region is 
sting which is to be detected by Cu deposition. 
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OTICES * 



tan Patent Office is not responsiW for any 
iages caused by the use of this translation. 



his document has been translated by computer. So the translation may not reflect the original precisely. 
*** shows the word which can not be translated. 
1 the drawings, any words are not translated. 



AJMS 



aim 1] The silicon single crystal wafer characterized by being that in which the defective field which is an N field of 
outside of OSF generated in the shape of a ring in the silicon single crystal wafer raised by the Czochrlski method 
sn the whole wafer surface carries out thermal oxidation processing, and is detected by Cu deposition does not exist, 
aim 2] The silicon single crystal wafer characterized by being N field of the outside of OSF generated in the shape of 
ng in the silicon single crystal wafer raised by the Czochrlski method when the whole wafer surface carries out 
•mal oxidation processing, and being that to which nickel field which the defective field and precipitation of oxygen 
ch are detected by Cu deposition cannot produce easily does not exist in the whole wafer surface, 
dm 3] The manufacture approach of the silicon single crystal characterized by growing up a crystal in the defect-free 
d where the defective field which is an N field of the outside of OSF generated in the shape of a ring when thermal 
iation processing is carried out to the silicon single crystal wafer raised when a silicon single crystal was raised with 
Czochrlski method, and is detected by Cu deposition does not exist. 

aim 4] The manufacture approach of the silicon single crystal characterized by to control to the growth rate between 
growth rate of the boundary where the defective field detected by Cu deposition which remains after OSF ring 
ippearance when a silicon single crystal is raised with the Czochrlski method and the growth rate of the silicon single 
stal under pull-up is dwindled disappears, and the growth rate of the boundary which a grids transition loop 
nation generates when a growth rate is dwindled further, and to raise a crystal. 

aim 5] The manufacture approach of the silicon single crystal characterized by growing up a crystal in the field 
sre nickel field which the defective field and precipitation of oxygen which are N field of the outside of OSF 
erated in the shape of a ring when thermal oxidation processing is carried out to the silicon single crystal wafer 
ed when a silicon single crystal was raised with the Czochrlski method, and are detected by Cu deposition cannot 
duce easily does not exist. 

aim 6] The manufacture approach of the silicon single crystal characterized by to control to the growth rate between 
growth rate of the boundary where the defective field detected by Cu deposition which remains after OSF ring 
ippearance when a silicon single crystal is raised with the Czochrlski method and the growth rate of the silicon single 
;tal under pull-up is dwindled disappears, and the growth rate of the boundary which nickel field which precipitation 
»xygen cannot produce easily when a growth rate is dwindled further generates, and to raise a crystal, 
aim 7] The manufacture approach of the silicon single crystal indicated in any 1 term of claim 3 characterized by 
ting the pull-up rate at the time of said crystal growth into 0.5 or more mm/min thru/or claim 6. 
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rAILED DESCRIPTION 



tailed Description of the Invention] 
31] 

:ld of the Invention] This inventions are not V field which is mentioned later, an OSF field, and which defective field 
n I region, either, and relate to the manufacture approach of of the silicon single crystal wafer and silicon single 
>tal with the electrical property excellent in high pressure-proofing with which the oxide-film defect further detected 
copper deposition processing is not formed, either. 
32] 

scription of the Prior Art] In recent years, the quality demand to the silicon single crystal produced with the 
ichrlski method (it is hereafter written as a CZ process) used as the substrate has been increasing with detailed-izing 
he component accompanying high integration of a semiconductor circuit. The defect of a single crystal growth 
;on in which the oxide film proof-pressure property especially called grown-in (Grown-in) defects, such as FPD, 
rD, and COP, and the property of a device are worsened exists, and importance is attached to reduction of the 
sistency and size. 

33] In explaining these defects, it explains being known generally about the factor which determines each 
centration of the point defect of the hole mold first called the Vacancy (it may outline Vacancy and Following V) 
>rporated by the silicon single crystal, and the mold silicon point defect between grids called Interstitial-Si (it may 
ine Interstitial-Si and Following I) incorporated. 

04] In a silicon single crystal, V fields are Vacancy, i.e., the crevice generated from lack of a silicon atom, and a 
i with many things like a hole. With an I region It is the thing of a field with many lumps of the rearrangement and 
excessive silicon atom which are generated when a silicon atom exists too much. Between V field and an I region 
; neutral (it may outline Neutral and Following N) field without lack of an atom or an excess (few) will exist. And 
i [ even if said grown-in defects (FPD, LSTD, COP, etc.) occur when V and I are in a condition / ****** / to the 
, and it has the bias of some atoms ] saturation [ below ], it has turned out that it does not exist as a defect. 
05] The concentration of both this point defect is decided from the pull-up rate (growth rate) of the crystal in a CZ 
cess, and relation with the temperature gradient G near [ under crystal ] the solid-liquid interface. The defect called 
F (an oxidation induction stacking fault, Oxidation Indused Stacking Fault) near [ boundary ] V field and an I region 
en it sees in the cross section of the perpendicular direction to a crystal growth shaft, being distributed in the shape 
i ring (it being hereafter called an OSF ring) is checked. 

06] The defect of these crystal growth reason is acquired as a defective distribution map as shown in drawijigJZ , 
in a crystal orientation changes a growth rate from a high speed to a low speed with CZ pull-up machine with which 
temperature gradient G near the solid-liquid interface used the large structure in a furnace (hot zone: it may be called 
) during the usual crystal. 

07] And a classification of the defect of these crystal growth reason calls V field the field where grown-in defects by 
ich it is considered as the void reason to which hole type point defects gathered when a growth rate is a high speed 
iparatively, the above before and after 0.6 mm/min and, such as FPD, LSTD, and COP, exist in high density 
mghout the direction of the diameter of a crystal, for example, and these defects exist (Rhine (A) of dxawing.7 ). 
reover, when a growth rate is 0.6 or less mm/min, the field where an OSF ring is generated from the circumference 
i crystal, the defect of ratios of length to diameter (Large Dislocation: the cable address of the dislocation loop 
ween grids, LSEPD, LFPD, etc.) considered to be dislocation loop reasons by the outside of this ring exists in a low 
.sistency with the fall of a growth rate, and these defects exist is called the I region (it may be called a ratio-of-length- 
iiameter field). Furthermore, if a growth rate is made into a low speed below 0.4 mm/min order, an OSF ring will 
tdense and disappear at the core of a wafer, and the whole surface will serve as an I region (Rhine (c) of drawing 7 ). 



)://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 



7/1/2004 



Page 2 of 7 

08] Moreover, the existence of the fielcygra-e neither FPD of a hole reason, LSTD^^P nor LSEPD of a 

ocation loop reason and LFPD exist caj^W field to the outside of an OSF ring is ^^vered in the middle of V 

d and an I region in recent years. It is reported that this field is the I region side which is not so rich as there is almost 

Drecipitation of oxygen by being in the outside of an OSF ring when oxygen precipitation heat treatment is 

formed and the contrast of a deposit is checked by X-ray observation etc., and LSEPD and LFPD are formed (Rhine 

of drawing 7). 

09] Since these N fields existed aslant to growth shaft orientations by the usual approach when a growth rate is 
ered, they existed only in the part in the wafer side. About this N field, it has recited that a parameter called V/G 
ch is the ratio of a pull-up rate (V) and a crystal solid-liquid interface shaft-orientations temperature gradient (G) 
amines the total concentration of a point defect by the Voronkov theory (V. V.Voronkov;Journal of Crystal Growth, 
1982) 625-643). Only a crystal into which a core serves as an I region on the outskirts across N field in V field at a 
:ain pull-up rate since it pulls up in a field, and the rate must be regularity and G has distribution in a field when it 
Jcs from this was obtained. 

10] Then, distribution of G within a field was improved, and when this N-field where that it is only slanting existed 
i pulled up lowering for example, the pull-up rate F gradually, the crystal with which N field spread all over width at 
;rtain pull-up rate could be manufactured recently. Moreover, in order to expand the crystal of this whole surface N 
i in the die-length direction, if a pull-up rate when this N field spreads horizontally is maintained and pulled up, it 
attain to some extent. Moreover, when adjusting the pull-up rate in consideration of G changing so that it might be 
jnded and V/G might become fixed to the last as the crystal grew, as it is, the crystal used as a whole surface N field 
Id be expanded also in the growth direction. 

11] If this N field is classified further, there is a nickel field (field with much silicon between grids) contiguous to Nv 
i (field with many holes) contiguous to the outside of an OSF ring and an I region, and in Nv field, when thermal 
lation processing is carried out, there are many amounts of precipitation of oxygen, and it turns out that there is 
ost no precipitation of oxygen in nickel field. 

12] However, as mentioned above, when thermal oxidation processing was carried out, in spite of having been a 
)le surface N field and having been the single crystal with which an OSF ring is not generated and FPD and ratio of 
jth to diameter do not exist in the whole surface, it turned out that an oxide-film defect may occur remarkably. And 
is the cause of degrading an electrical property like an oxide-film proof-pressure property, it is just inadequate that 
conventional whole surface is N field, and the further improvement was desired. 
13] 

)blem(s) to be Solved by the Invention] then, the thing by which this invention was made in view of such a trouble - 
- a hole - rich V field, an OSF field, and the silicon between grids - it belongs to neither of a rich I region, and 
s at obtaining the silicon single crystal wafer by the CZ process which can raise electrical properties, such as oxide- 
i pressure-proofing, certainly under the stable manufacture condition. 
14] 

;ans for Solving the Problem] The silicon single crystal wafer which it succeeded in order that this invention might 
in said purpose, and is applied to this invention is characterized by being that in which the defective field which is an 
ield of the outside of OSF generated in the shape of a ring, and is detected by Cu deposition does not exist, when the 
)le wafer surface carries out thermal oxidation processing in the silicon single crystal wafer raised by the Czochrlski 
hod ( claim 1). 

15] Thus, the silicon single crystal wafer of this invention is a defect-free wafer with which the defective field which 
n N field of the outside of OSF generated in the shape of a ring when the whole wafer surface carries out thermal 
iation processing, and is detected by especially Cu deposition does not exist, and turns into a silicon wafer of the 
i quality which does not degrade electrical properties, such as an oxide-film proof-pressure property, even if it 
duces a device. 

16] And the silicon single crystal wafer which is the 2nd mode of this invention is characterized by being N field of 
outside of OSF generated in the shape of a ring, when the whole wafer surface carries out thermal oxidation 
messing, and being that to which nickel field which the defective field and precipitation of oxygen which are detected 
2u deposition cannot produce easily does not exist in the whole wafer surface in the silicon single crystal wafer 
ed by the Czochrlski method (claim 2). 

17] Thus, when the whole wafer surface carries out thermal oxidation processing, it is N field of the outside of OSF 
erated in the shape of a ring, nickel field which the defective field and precipitation of oxygen which are detected by 
scially Cu deposition cannot produce easily is the defect-free wafer which does not exist in the whole wafer surface, 
gettering capacity is also high [ a wafer ] while it does not degrade electrical properties, such as an oxide-film 
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of-pressure property, even if the silicon^^le crystal wafer of this invention produ^^ device. 
1 8] Next, the manufacture approach of Bpiicon single crystal concerning this inv^Rn is characterized by 
wing up a crystal in the defect-free fieldwhere the defective field which is an N field of the outside of OSF 
erated in the shape of a ring when thermal oxidation processing is carried out to the silicon single crystal wafer 
ed when a silicon single crystal was raised with the Czochrlski method, and is detected by Cu deposition does not 
st (claim 3). 

19] And the manufacture approach of the silicon single crystal concerning this invention [ when raising a silicon 
>le crystal with the Czochrlski method ] The growth rate of the boundary where the defective field detected by Cu 
osition which remains after OSF ring disappearance when the growth rate of the silicon single crystal under pull-up 
windled disappears, When a growth rate is furthermore dwindled, it is characterized by controlling to the growth rate 
vveen the growth rates of the boundary which a grids transition loop formation generates, and raising a crystal (claim 

20] According to these manufacture approaches, when thermal oxidation processing is carried out to the raised 
:on single crystal wafer, it is N field of the outside of OSF generated in the shape of a ring, and the defect-free 
:on single crystal wafer with which the defective field which degrades electrical properties, such as oxide-film 
ssure-proofing detected by especially Cu deposition, does not exist can be manufactured. 

21] the 2nd mode of the manufacture approach of the silicon single crystal which furthermore apply to this invention 
characterize by to grow up a crystal in the field where nickel field which the defective field and the precipitation of 
gen which be N field of the outside of OSF generate in the shape of a ring when thermal oxidation processing be 
y out to the silicon single crystal wafer raised when a silicon single crystal be raised with the Czochrlski method , 
be detect by Cu deposition cannot produce easily do not exist ( claim 5 ) . 

22] In addition, the manufacture approach of the silicon single crystal concerning this invention [ when raising a 
:on single crystal with the Czochrlski method ] The growth rate of the boundary where the defective field detected 
2u deposition which remains after OSF ring disappearance when the growth rate of the silicon single crystal under 
!-up is dwindled disappears, When a growth rate is furthermore dwindled, it is characterized by controlling to the 
wth rate between the growth rates of the boundary which nickel field which precipitation of oxygen cannot produce 
ily generates, and raising a crystal (claim 6). 

23] According to these manufacture approaches, when the whole wafer surface carries out thermal oxidation 
cessing, it is N field of the outside of OSF generated in the shape of a ring, and nickel field which the defective field 
precipitation of oxygen which are detected by Cu deposition cannot produce easily can manufacture the defect-free 
:on single crystal wafer which does not exist in the whole wafer surface. Therefore, oxide-film pressure-proofing and 
ering capacity can obtain a good crystal. 

24] In these manufacture approaches, it is desirable to make the pull-up rate at the time of crystal growth into 0.5 or 
;e mm/min (claim 7). Thus, the manufacture margin of 0.5 or more mm/min then the defect-free field of this 
sntion, especially the field in which an oxygen sludge layer is formed expands the pull-up rate at the time of crystal 
svth, and adequate supply becomes possible. 

25] Hereafter, although explained to a detail per this invention, this invention is not limited to these. In advance of 
lanation, lessons is taken from each vocabulary, and it explains beforehand. 

C2 Cr 207 after cutting down a wafer from the silicon single crystal rod after growth and etching and removing a 
:ace distortion layer with the mixed liquor of fluoric acid and a nitric acid in FPD (Flow Pattern Defect) A pit and a 
>le pattern arise by etching a front face with the mixed liquor of fluoric acid and water (Secco etching). This ripple 
em is called FPD, and the defects of oxide-film pressure-proofing increase in number, so that the FPD consistency 
lin a wafer side is high (refer to JP,4- 192345, A). 

26] 2) When the same Secco etching as FPD is performed, call SEPD (Secco Etch Pit Defect) a thing without FPD, a 
, and a flow pattern for the thing accompanied by a flow pattern (flow pattern) with SEPD. When it is thought in this 
: large SEPD (LSEPD) 10 micrometers or more originates in a rearrangement cluster and a rearrangement cluster 
;ts in a device, a current leaks through this rearrangement and it stops achieving the function as a P-N junction. 
27] 3) Cut down a wafer from the silicon single crystal rod after growth, and carry out cleavage of the wafer to 
TD (Laser Scattering Tomography Defect) after etching and removing a surface distortion layer with the mixed 
tor of fluoric acid and a nitric acid. Incidence of the infrared light can be carried out from this cleavage plane, and the 
jet scattering light which exists in a wafer can be detected by detecting the light which came out from the wafer front 
». About the scatterer observed here, it is a society etc., there is already a report, and it is regarded as the oxygen 
Ige (JpnJ.Appl.Phys. Vol.32, P3679, 1993 reference). Moreover, the result that it is the void (hole) of octahedron is 
> reported by the latest research. 
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28] 4) the defect which becomes the caj^^of degrading oxide film pressure-proofi^B^he core of a wafer, with 
P (Crystal Originated Particle) — it is "flpco -- by SC-1 washing (washing by the^med liquor of NH4 OH:H2 
:H2 0=1:1:10), the defect set to FPD if flirty works as a selection etching reagent, and is set to COP. The diameter of 
: pit is investigated with light scattering measurement by 1 micrometer or less. 

29] 5) It is the defect which there are LSEPD, LFPD, etc. in ratio of length to diameter (Large Dislocation: cable 
ress of the dislocation loop between grids), and is considered to be a dislocation loop reason. A large thing 10 
:rometers or more is said that LSEPD described above also in SEPD. Moreover, also in FPD which LFPD described 
•ve, the magnitude of a tip pit says a large thing 10 micrometers or more, and it is considered the dislocation loop 
son also here. 

30] 6) The Cu deposition method measures the location of the defect of a semiconductor wafer correctly, raises the 
sitiveness to the defect of a semiconductor wafer, measures it correctly also to a more detailed defect, and is an 
raisal method of the wafer which can be analyzed. 

31] The concrete evaluation approach of a wafer destroys the insulator layer on the defective part which was made to 
Ti the insulator layer of predetermined thickness and was formed near the front face of said wafer on the wafer front 
2, and deposits electrolysis matter, such as Cu, to a defective part (deposition). That is, the Cu deposition method is 
ippraisal method using a current flowing to the part to which the oxide film has deteriorated, and Cu ion serving as 
and depositing in the liquid with which Cu ion is dissolved, if potential is impressed to the oxide film formed in the 
? er front face. It is known that defects, such as COP, exist in the part by which an oxide film tends to deteriorate. 
32] The defective part of the wafer by which Cu deposition was carried out can be analyzed on the bottom of a 
densing LGT, or a direct target with the naked eye, can evaluate the distribution and consistency, and can also check 
Toscope observation, a transmission electron microscope (TEM), or a scanning electron microscope (SEM) further. 
33] 

ibodiment of the Invention] When this invention persons investigated in the detail about the boundary neighborhood 
/ field and an I region about the silicon single crystal growth by the CZ process, they found out neutral N field where 
outside of an OSF ring has few FPD(s), LSTD(s), and COP remarkably, and ratio of length to diameter does not 
;t in it in the middle of V field and an I region, either. And if this N field is classified further, there is a nickel field 
Id with much silicon between grids) contiguous to Nv field (field with many holes) contiguous to the outside of an 
F ring and an I region, and in Nv field, when thermal oxidation processing is carried out, there are many amounts of 
:ipitation of oxygen, and it has turned out that there is no precipitation of oxygen in nickel field. 
34] However, even if it raised the crystal in the above-mentioned N field, there is what has bad oxide-film pressure- 
ofing, and the cause was not found well. Then, when this invention person etc. investigated in the detail further about 
ield by the Cu deposition method, he is N field of the outside of an OSF field, and discovered that a part of Nv field 
ch the precipitation of oxygen after precipitation heat treatment tends to generate had the field which the defect 
jcted by Cu deposition processing generates remarkably. And this traced that it was the cause of degrading an 
rtrical property like an oxide-film proof-pressure property. 

35] Then, if a field without the defective field which is an N field of the outside of this OSF and is detected by Cu 
osition can be extended all over a wafer, while said various grown-in defects cannot be found, the wafer which can 
irove an oxide-film proof-pressure property etc. certainly will be obtained. 

36] this invention person etc. conducted the following experiments, asked for a growth rate and the relation of 
active distribution, raised the single crystal rod based on the result, and evaluated the oxide-film proof-pressure 
perty of a wafer. 

periment 1) MCZ shown in the equipment A of drawing 2 (a), and the equipment B of drawin g 2 (b) - law -- among 
5tal pulling equipment (horizontal magnetic field impression), Equipment A charged 150kg of raw material 
/crystalline silicon to the 24 inch quartz crucible, and Equipment B charged 160kg of raw material polycrystalline 
:on to 26 inch quartz RUTSUPO, and it pulled up the silicon single crystal of the diameter of 8 inches (diameter of 
mm), and bearing <100> with each equipment. When pulling up a single crystal, it controlled to dwindle a tail from 
ystal head in the range of 0.7 mm/min to 0.3 mm/min, applying a growth rate. Moreover, the single crystal was 
duced so that the oxygen density of a wafer might serve as 22 - 23ppma (ASTM'79 value). 
37] And as shown in dra win g 3 (a) and (b), it applied to the tail from the head of the crystal pulled up, vertical 
sion cutting was carried out in the crystal orientation, and the four wafers sample was produced. Among four sheets, 
;e sheets investigated the distribution situation of each field of V field, an OSF field, and an I region, the distribution 
ation of FPD and LEP, and the OSF generating situation by OSF heat treatment by WLT (wafer life time) 
isurement (measuring instrument: SEMILAB WT-85) and SEKOETCHINGU, and checked the growth rate of each 
d boundary. One in the sample which furthermore carried out vertical division cutting in the crystal orientation 
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ssion-processes a wafer configuration a diameter of 6 inches, as shown in dr^JBfe 3 (c), and it is 1 . After 
ror plane processing finishing, after **™pied the thermal oxidation film in the wa^Ffront face, it performed Cu 
osition processing and checked the distribution situation of an oxide film defect. 

38] The evaluation procedure of the wafer in this experiment and detail of an evaluation result are given below. 
Vertical division cutting of the single crystal rod pulled up was carried out after block cutting in vertical crystal 
station at the die length for 10cm of every crystal orientation, and four samples of about 2mm thickness were 
iuced. 

In the wafer heat treating furnace, 800 degrees C and 4-hour (under nitrogen-gas-atmosphere mind) heat treatment 
e performed after heat treatment to the bottom of nitrogen-gas-atmosphere mind, it cooled after that after 1 000 
rees C and 16-hour (under dry oxygen ambient atmosphere) heat treatment, and the 1st in the above-mentioned 
iple created the map of wafer life time (WLT) by SEMILAB-85 for 620 degrees C and 2 hours (refer to drawing 4 
and (b)). Moreover, the 2nd sheet gave SEKOETCHINGU after mirror etching, and observed distribution of FPD 
LEP. And the 3rd sheet, it removed the oxide film, and checked the distribution situation of OSF. [ after OSF heat 
tment ] Each field of V field, an OSF field, and an 1 region was pinpointed from these results, and the growth rate of 
n boundary was investigated. 

39] The growth rate (refer to drawing 4 (a)) of each boundary of the single crystal pulled up with Equipment A 
awing 2 (a)) was as follows. 

eld 7 OSF field boundary: 0.484 mm/min OSF disappearance boundary: 0.472 mm/min Cu deposition defective 
ippearance boundary: 0.467 mm/min Non-depositing N(nickel) field / 1 region boundary: 0.454 mm/min, [0040] The 
wth rate (refer to dr awin g 4 (b)) of each boundary of the single crystal pulled up with Equipment B ( drawing_2 (b)) 
3 follows. 

eld / OSF field boundary: 0.596 mm/min OSF disappearance boundary: 0.587 mm/min Cu deposition defective 
ippearance boundary: 0.566 mm/min A deposit N(Nv) field / nickel field boundary: 0.526 mm/min nickel field / I 
on boundary : 0.510 mm/min, [0041] (3) the sample which carried out vertical division cutting in the crystal 
rotation of the single crystal rod of the above (1) - inner --**** omission processing (refer to drawing. 3 (c)) of 
•aining one sheet was carried out to the wafer configuration with a diameter of 6 inches, Cu deposition processing 
r thermal oxidation film formation was performed to the wafer front face after mirror plane processing finishing, and 
distribution situation of an oxide film defect was checked. The evaluation conditions are as follows. 
)xide film : 25nm 2 electrolysis reinforcement: For [ 6 MV/cm and 3 electrical-potential-difference impression time 
)unt:] 5 minutes. 

42] A Fig. is shown as a result of Cu deposition's estimating Nv field to drawing 5 . Drawing 5 (a) shows defective 
ribution of Nv field without the defect according [ (b) ] defective distribution of the defective field generated by Cu 
osition to Cu deposition. Dra_wing_6 (a) is as a result of [ of Nv field which the defect generated in Cu deposition ] 
luation, and (b) is as a result of [ of Nv field which a defect did not generate by Cu deposition ] evaluation. 
43] It turns out that the defective field detected by Cu deposition which an oxide film defect tends to produce all over 
field which precipitation of oxygen tends to produce from the above result among N fields which exist in an OSF 
side exists. In this field, in spite of being Nv field, oxide-film pressure-proofing is not necessarily good. It turns out 
; a result which can be satisfied also with the same Nv field of oxide-film pressure-proofing in Nv field without the 
sctive field detected by this Cu deposition on the other hand is brought. 

44] (Experiment 2) Next, based on the above-mentioned result, using Equipment B ( drawing 2 (b)), it was N field of 
3SF outside, it was processed into the wafer of mirror plane finishing from the crystal which controlled the growth 
: and pulled up so that the field which does not include the field and nickel field which precipitation of oxygen 
not produce further easily which is not Cu deposition defective field (Dn field), either might be aimed at, and the 
de film proof pressure property was evaluated. In addition, the C-mode Measuring condition is as follows. 
)xide film : 25nm Two measuring electrode: The Lynn dope polish recon and 3 electrode- surface product:8mm2 4 
ging current: lmA/cm2. 

isequently, oxide film proof-pressure level was 100% of rate of an excellent article. 

45] this invention person etc. repeats examination wholeheartedly, after being based on the knowledge acquired in 
above experiment, and he hits on an idea to this invention. The manufacture approach of the 1st silicon single crystal 
his invention is characterized by growing up a crystal in the defect-free field where the defective field which is an N 
d of the outside of OSF generated in the shape of a ring when thermal oxidation processing is carried out to the 
;ed silicon single crystal wafer, and is detected by Cu deposition does not exist. 

46] It will control to the growth rate between the growth rate of the boundary where the defective field detected by 
deposition which remains after OSF ring disappearance when this approach was explained based on drawing,! and 
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growth rate of the silicon single crystal j^er pull-up is dwindled disappears, and tj^^owth rate of the boundary 
tch a grids transition loop formation geiflHbs when a growth rate is dwindled furth^Pmd a crystal will be raised. 
47] The wafer cut down from the single crystal rod raised by the approach described above turns into a defect-free 
:on single crystal wafer with which the defective field which is an N field of the outside of OSF generated in the 
pe of a ring when the whole wafer surface carries out thermal oxidation processing, and is detected by Cu deposition 
s not exist at all. 

48] Next, when the 2nd manufacture approach carries out thermal oxidation processing to the raised silicon single 
stal wafer, it is N field of the outside of OSF generated in the shape of a ring, and it is characterized by growing up a 
stal in the field where nickel field which the defective field and precipitation of oxygen which are detected by Cu 
osition cannot produce easily does not exist. 

49] It will control to the growth rate between the growth rate of the boundary where the defective field detected by 
deposition which remains after OSF ring disappearance when this approach was explained based on drawing 1 and 
growth rate of the silicon single crystal under pull-up is dwindled disappears, and the growth rate of the boundary 
ch nickel field which precipitation of oxygen cannot produce easily when a growth rate is dwindled further 
erates, and a crystal will be raised. 

50] The wafer produced from the single crystal rod raised by this manufacture approach is N field of the outside of 
F generated in the shape of a ring, when the whole wafer surface carries out thermal oxidation processing, and nickel 
d which the defective field and precipitation of oxygen which are detected by Cu deposition cannot produce easily 
use it as the defect-free silicon single crystal wafer which does not exist in the whole wafer surface. 
51] Since this wafer is Nv field altogether, when it is heat-treated under nitrogen and a dry oxygen ambient 
osphere all over a defect-free field excluding nickel field which precipitation of oxygen cannot produce easily, an 
gen sludge layer is formed into bulk. Therefore, the silicon single crystal wafer produced from this field has the 
ering capacity which oxide-film pressure-proofing etc. is not only good, but was excellent. 

52] When producing this invention article furthermore, when using CZ pull-up equipment of quenching structure 
ch can be raised with the growth rate of 0.5 or more mm/min, the defect-free field of this invention, especially the 
d (Nv-Dn) in which an oxygen sludge layer is formed were able to expand more the silicon single crystal used as a 
material, and manufacture top stability was able to be maintained. 

53] And the shaft-orientations temperature gradient Gc of the crystal solid-liquid interface in the crystal center 
:ion is small. Although it was not able to mass-produce easily since the growth rate margin of this invention article 
; less than 0.02 mm/min when it was CZ process pull-up equipment by which the growth rate of 0.5 mm/min is not 
eeded at the time of defect-free field manufacture of this invention Gc was large, and in case it was defect-free field 
lufacture of this invention, when it was CZ process pull-up equipment which can attain the growth rate of 0.5 or 
:e mm/min, the growth rate margin of this invention article is 0.02 or more mm/min, and was able to attain the 
dmum about 0.05 mm/min. When this invention article was especially manufactured with the growth rate of 0.5 or 
:e mm/min as mentioned above, it turned out that the growth rate margin of the field where an oxygen sludge layer is 
ned into BARUGU after heat treatment in nitrogen and a dry oxygen ambient atmosphere can be expanded easily. 
54] Drawing 2 (a) and (b) explain the example of a configuration of the crystal pulling equipment by the CZ process 
illy used by this invention. As shown in drawing 2 (a), this crystal pulling equipment 30 The pull-up room 31, the 
:ible 32 prepared all over the pull-up room 31, and the heater 34 arranged around a crucible 32, It has the reel style 
t shown) which rotates or rolls round the crucible maintenance shaft 33 made to rotate a crucible 32 and its rolling 
:hanism (not shown), the seed chuck 6 holding the seed crystal of silicon, the wire 7 that pulls up a seed chuck 6, and 
ire 7, and is constituted. A quartz crucible is prepared in the side in which a crucible 32 holds the silicon melt 
>lten bath) 2 of the inside, and the graphite crucible is prepared in the outside. Moreover, the heat insulator 35 is 
inged around [ outside ] the heater 34. 

55] Moreover, in order to set up the manufacture conditions in connection with the manufacture approach of this 
^ntion, the annular graphite cylinder (thermal insulation plate) 9 is formed. Moreover, what was shown in drawing 2 
has formed the annular outside heat insulator 10 in the periphery of the solid-liquid interface 4 of a crystal. This 
side heat insulator 10 prepares spacing of 2-20cm between that lower limit and surface of hot water 3 of silicon melt 
nd is installed in it. Furthermore, coolant gas may be sprayed or the tubed cooling system which interrupts radiant 
t and cools a single crystal may be formed. Independently, by installing the magnet which is not illustrated in the 
izontal outside of the pull-up room 31, and impressing magnetic fields, such as a horizontal direction or a 
pendicular direction, to silicon melt 2, the convection current of melt is controlled and, recently, the so-called MCZ 
hod for measuring the stable growth of a single crystal is used in many cases. 

56] Next, the single-crystal-growth approach by above crystal pulling equipment 30 is explained. First, within a 
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:ible 32, the high grade polycrystal raw jj^erial of silicon is heated more than the r^^ig point (about 1420- 
reeC), and is dissolved. Next, the tip of^H crystal is made contacted or immersed^Wie surface abbreviation core 
nelt 2 by beginning to roll a wire 7. Then, while rotating the crucible maintenance shaft 33 in the proper direction, 
rle crystal growth is started by rolling round rotating a wire 7 and pulling up seed crystal. Henceforth, the single 
stal rod 1 of an approximate circle column configuration can be obtained by adjusting a pull-up rate and temperature 
ropriately. 

57] In this case, in this invention, especially in order to attain the purpose of this invention, as shown in drawing 2 
or drawing 2 (b), in the periphery space of the liquefied part in the single crystal rod 1 on the surface of hot water of 
pull-up room 31, it is important to have formed the annular graphite cylinder (thermal insulation plate) 9 and the 
ude heat insulator 10 so that the temperature region from the melting point of the crystal near the surface of hot 
er to 1400 degrees C could be controlled. 

58] Namely, what is necessary is to form the outside heat insulator 10 in the pull-up room 31, and just to set spacing 
his lower limit and the front face of melt as 2-20cm, in order to control whenever [ this furnace temperature ], for 
mple, as shown in drawing 2 (b). If it carries out like this, whenever [ furnace temperature ] is also controllable so 
the difference of the temperature gradient Gc of a crystal center part [**/cm] and the temperature gradient 
nanium of a crystal circumference part becomes small, for example, the direction of the temperature gradient of the 
;tal circumference becomes lower than a crystal center. This outside heat insulator 10 is in the outside of the graphite 
nder 12, and has formed the heat insulation cylinder 1 1 also inside the graphite cylinder 12. Moreover, the graphite 
nder 12 top is connected with the metal cylinder 13, and a cooling dome 14 is on it, and it is pouring and carrying 
forced cooling of the cooling medium. 

59] When the silicon single crystal wafer which slices the silicon single crystal manufactured by the manufacture 
roach of the silicon single crystal described above, and is obtained carries out thermal oxidation processing to a 
er, it is a defect-free wafer with which the defective field which is an N field of the outside of OSF generated in the 
De of a ring, and is detected by Cu deposition does not exist. Or when the whole wafer surface carries out thermal 
lation processing, it is N field of the outside of OSF generated in the shape of a ring, and nickel field which the 
jctive field and precipitation of oxygen which are detected by Cu deposition cannot produce easily is the defect-free 
er which does not exist in the whole wafer surface. 

50] In addition, this invention is not limited to the above-mentioned operation gestalt. The above-mentioned 
ration gestalt is instantiation, and no matter it may be what thing which has the same configuration substantially with 
technical thought indicated by the claim of this invention, and does the same operation effectiveness so, it is 
uded by the technical range of this invention. 

51] For example, in the above-mentioned operation gestalt, although the example was given and explained per when 
[icon single crystal with a diameter of 8 inches was raised, this invention is not limited to this but can be applied also 
le diameter of 10-16 inches, or the silicon single crystal beyond it. Moreover, it cannot be overemphasized that this 
mtion is applicable also to the so-called MCZ method for impressing a level magnetic field and length magnetic 
i, a cusp field, etc. to silicon melt. 
52] 

'ect of the Invention] As explained above, according to this invention, it is not V field, an OSF field, and which 
ictive field of an I region, either, and the silicon single crystal wafer with the electrical property excellent in high 
;sure-proofing with which the oxide-film defect further detected by Cu deposition processing is not formed, either 
be supplied stably. 
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id of official gazette] Printing of amendment by the convention of 2 of Article 17 of Patent Law 
:tion partition] The 1 st partition of the 3rd section 
)lication date] July 30, Heisei 15 (2003. 7.30) 

>lication No.] JP,2002-201093,A (P2002-201093A) 

:e of Publication] July 16, Heisei 14 (2002. 7.16) 

aual volume number] Open patent official report 14-201 1 

plication number] Application for patent 2000-403 1 27 (P2000-403 1 27) 

? 7th edition of International Patent Classification] 

3 29/06 502 

j 21/208 

56 
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56 N 

cedure revision] 

ng Date] April 25, Heisei 15 (2003. 4.25) 

cedure amendment 1 ] 

:ument to be Amended] Specification 

n(s) to be Amended] Claim 4 

thod of Amendment] Modification 

posed Amendment] 

im 4] The manufacture approach of the silicon single crystal characterized by to control to the growth rate between 

growth rate of the boundary where the defective field detected by Cu deposition which remains after OSF ring 

ppearance when a silicon single crystal is raised with the Czochrlski method and the growth rate of the silicon single 

tal under pull-up is dwindled disappears, and the growth rate of the boundary which the dislocation loop between 

s generates when a growth rate is dwindled further, and to raise a crystal. 

cedure amendment 2] 

sument to be Amended] Specification 

n(s) to be Amended] 0010 

thod of Amendment] Modification 

posed Amendment] 

0] Then, distribution of G within a field was improved, and when this N-field where that it is only slanting existed 
pulled up lowering for example, the pull-up rate V gradually, the crystal with which N field spread all over width at 
rtain pull-up rate could be manufactured recently. Moreover, in order to expand the crystal of this whole surface N 
I in the die-length direction, if a pull-up rate when this N field spreads horizontally is maintained and pulled up, it 
attain to some extent. Moreover, when adjusting the pull-up rate in consideration of G changing so that it might be 
nded and V/G might become fixed to the last as the crystal grew, as it is, the crystal used as a whole surface N field 
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Id be expanded also in the growth direction, 
►cedure amendment 3] . 
cument to be Amended] Specification 
n(s) to be Amended] 0019 
*hod of Amendment] Modification 
►posed Amendment] 

[9] And the manufacture approach of the silicon single crystal concerning this invention, It is characterized by 

Tolling to the growth rate between the growth rate of the boundary where the defective field detected by Cu 

Dsition which remains after OSF ring disappearance when a silicon single crystal is raised with the Czochrlski 

hod and the growth rate of the silicon single crystal under pull-up is dwindled disappears, and the growth rate of the 

adary which the dislocation loop between grids generates when a growth rate is dwindled further, and raising a 

tal (claim 4). 

►cedure amendment 4] 

cument to be Amended] Specification 

n(s) to be Amended] 0041 

thod of Amendment] Modification 

»posed Amendment] 

H] (3) the sample which carried out vertical division cutting in the crystal orientation of the single crystal rod of the 
ye (1) — inner --**** omission processing (refer to drawing 3 (c)) of remaining one sheet was carried out to the 
sr configuration with a diameter of 6 inches, Cu deposition processing after thermal oxidation film formation was 
brmed to the wafer front face after mirror plane processing finishing, and the distribution situation of an oxide film 
:ct was checked. 

evaluation conditions are as follows. 

>xide film : 25nm 2 field strength: 6 MV/cm, 

lectrical-potential-difference impression time amount : for 5 minutes. 

■cedure amendment 5] 

cument to be Amended] Specification 

n(s) to be Amended] 0046 

thod of Amendment] Modification 

•posed Amendment] 

[6] It will control to the growth rate between the growth rate of the boundary where the defective field detected by 
deposition which remains after OSF ring disappearance when this approach was explained based on drawing 1 and 
growth rate of the silicon single crystal under pull-up is dwindled disappears, and the growth rate of the boundary 
zh the dislocation loop between grids generates when a growth rate is dwindled further, and a crystal will be raised. 
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[0 0 3 1 ] ^#W^^x-/\^P«^s«, Cx-a 

^so, cu7*-»3>sa, cu-r 

«/b b & rpfis s t * * o mum ifinsik b % \z a c 
opf^^#Sbtv^ct^^ntt/^o 

[0 0 3 2] C u^jRS^a >£ftfc^X— A©*|ffiffi 

(TEM) Sfctt^ltfgftM (SEM) »T? 
*>«Br*Cc!:**T#S. 
[0 0 3 3] 

^t, siiHtewaEbfctc:^ vg«iig«otiat 

OSFU>^^lC, FPD, LSTD, C O P CDifc 
tf<*b<4>&<, L/Dt)Se^^a-b7MN 

fr*B*) tlf«f:Iftt§Niiia (ftfHyUn> 
[ 0 0 3 4] ±fgNgiiT^r B ^f^ir 

osFi«o*n(0N«*t?«^T, taiMiiSi 

SUi.bfc. fit, £hJ«fc«BflEWtt<0«k3ft«« 

[0 0 3 5] :©OSF©JHK©N««T*o 
X, CuT#yya>C±Dilil$n5*NS««^)a^ 

••t'&x-A^wfcjctfsct^Ttfntf, H9taa^ 
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• [ 0 0 3 6] #£89i#*te, &TOSI»*ffoTricS3i 

-tCD**fc»^^TJMMl 

(Hftl) 12 2 (a) <©SHA*5J:lXBI 2 (b) GD^fi 
Bfc»bfcMCZttJ|t«rJl5l±tf*B GBBBBUD) <£> 

1 SOkg^t-yU gIBtt2 6 -f >5 1 S36;P 

giCTli8^ (Eg 2 0 Omm) , *ffi< 1 0 
O>0y'j3>¥8S$?fl^c c JMSIlS^WfS 

SB, ££SjSS£0. 7mm/m i n j&> 6 0. 3 mm/m 
i ii©l6BTtt*P«*6«SBfc*HtT«f«*'&*«t3 

S9ffllb)fc. *&9x-AcoB*»flE30«2 2-2 3 p pm 
a (A STM' 7 91) iatt * J: 5 K:J|t«f U 

fee 

[0037] f LTi3 (a) , (b) 

S : S EM I LAB WT- 8 5) ^^t^l^yfy 
i5/JCct0VB«, OSFI* I 

IK^FPD, LEP(DM«^ ^bTOSFMlt 
«k*OSF»£ttSZ£W2EU »B«B»ojAftBA« 

OF*Jlft«, S3 (c) fc^Ufccfcifc* If 6-<>f 

©?7x-a*«k:< Dtfcffjnxb, 1 tfctt«Sinxtt± 

[ 0 0 3 8] **«k»r*»-6*x— A(OW«#IB*,fctf 
HMiffi jg* co l¥ai * fil T ^ s . 

(1) 5i±vfiz&itgRw&mAft&m 1 o cm's©g$ 

C^ayJM* IGBBH#l4KitK«0«IBL/. #5 2 
mmjp $ <Di^ > £ 4 *fcfp§£ b feo 

(2) ±Xrtr>7)V<D*>*> ^x-ASW 
^6 2 0t, 2«FM. ***B«Tfc*lr>TlWfi««, 
8 0 0t, 4ff*|BJ (SiflgT) Ml^lb, ^co 

40 IlOOOt, 1 (K9-fB**H»T) JRjfla 

SJfrfWb, SEMILAB-85Ci:f9vX-A7^7 
(WLT) 0>-7^;/£fpj$bfc (134 (a) , 
(b) #HS) 0 ifc2ft@|j;a7-X75 : >^t3X 
y7->tf&mV* FPD^i^LEPCOM^I^b 
fe e f lT3ftgfiOSFMIit3X7f>^lT 

<0«**>SV««, OSF««, I ««(0*«ii«*«F^ 

[0 0 3 9] tlA (H2 (a) ) T^I±WcIIS B H a ^) 

#*eikbj«*s« (B4 (a) mm) fit, ^©«fc5fc)a 



(6) 
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V«/OSF«W : 
OSFtWM : 

cuT*y->a >xmmmmn - 
*waiN (n i ) mtL/ 1 mmmn 

[0 0 4 0] £IB (H2 (b) ) TSIitf&JMea© 
S-ig^O/SSiSS (13 4 (b) #H8) tt, WiDT** 

V«*/OSF»«ff: 
OSFi» : 

flrttiN (Nv) ««/N iflWKJl 
Ni ««/ I <§^§S^ : 
[0 0 4 1] (3) ±15 (1) 0^fl a B f©8^«J^] 

©£x-A*ttfc< 0tt*Jni (H3 (c) #RS) U 
^MAPXtt±t'fco±, *xw\«Bfcj»«fblRJBJ««C 

1 ) 8<b)R :25nm, 2 ) : 6 M V/ c 

rru £0 
3) «BEEPimi$M : 5»M. 

[0 0 4 2] H5l:Gu7^3>fcit)Nvi«S 
fftf bfciB*H^^*ro Si 5 (a) «CuV*yya > 
fc±0«*b&^H««<0»B»**, (b) liCuf 

To HI 6 (a) &v Cur#y^3>7*B#»4l/& 
NvM©M»*t*!5, (b) tt, Cur«yy3 
>fc±D^B*ltb4^feNvMoMiliJ|TS 

[0 0 4 3] H±Ofi**6/OSF^«i:Sat«N ^ 

B3n5*IB««©a:ViNv ««Ttt«fbKWEEOTI*Jg 

[0 0 4 4] (UK 2) *^±E3(S*feBS*TSI«B 
(HI2 (b) ) i ^ffl^TOSF^«ONS«T*oT, 

^!BA5<t5 fcJ*****r*JWU 5l±tffcttA**S* 
W£fc±tf<Z)tfx-AK:JniU K^J»B£E4#1tOff«S: 

1) ttlbK : 2 5 nm, 2) fiy^«« : U > • K — 

3) HIS: 8mm 2 . 4) : ImA/c 

m 2 o 



i0 

0 . 4 8 4 mm/m i n , 
0 . 4 7 2 mm/m i n , 
0 . 4 6 7 mra/m i n , 
0 . 4 5 4 mm/ m i n , 



* 3o 



0 . 5 9 6 mm/m i n > 
0 . 5 8 7 mm/m i n , 
0 . 5 6 6 mm/m i n > 
0 . 5 2 6 mm/m i n » 
0 . 5 10 mm/m in, 

[0 0 4 5] *569I##tt, H±©»Tft5fttaA 
T&£ e *^0jCO^l(7)S/Ul3>^p s H C7)S5t^S«, 

w/£ $ nfc > u =i >jms a x- a t jRK^tjaa t u fc 

IRt U >y«C»tT-50 S F<&#«<0N««T.*o 
[0 0 4 6] ^©^iSSH 1 CS^^TKWtS §1 

sf'j >^««atc3»fip-rs cut#^'>3 >fc<t 
[0047] K±as'<fc^ttfcj:oir*anfcj|ifeA# 

#^<#ffib&^«S*:K->y n >*BA!>x-A tft 

[0048] mz, *2©»is*ffitt, nrricsnfc^u 

r3>^ B a B ^x->yN^^^kffiS^Lfe^(c:U >^lc 
att 5 O S F 0)^ffl!|C0NS«t*o T, Cux^yy 

<^N i «*^#ffiU&^««rtTilSA*fiE**iS-^2: 

[0 0 4 9] ClO^ffiSHl fcStJ^THWTSi:. 51 

[0 0 5 0] Cl<o«iS*ttK:J:D*«snfcJ|t»IA#^ 
SftMHSnfe^x-AtoL vi-/\M««I^ 
LfcUKKU >y«f:S4T40S F<Z)*UB!l<BNfS»-c» 



. M 

[0 0 5 1 ] ^(Z)^x-y\fl £K<^N 
y'j3>m^0. 5mm/minK±^SIIt 

si±tfRiiBte«i»*a©cz3i±frf««***rntf. 

« (Nv-Dn) oar3WckO«*U Sit±Sfc«ttSr*. 

[0053] *LTISft4>'i>»T©ilB*H«*S©*lll^ 
Ip]*««EG c «t/h3 <, *»BjoaE^B5«*a{ifi© 
IK. 0. 5mm/mi nflDffifijfK^gA^nS^CZ 

0. 0 2mm/m i n^TB^f:^ 

^> 0. 5mm/m i n^l^SIS^MTf §C 

0 . 0 2 mm/m i n £JU2T» 0 , 0 . 05 mm 

/min«:iSt5:t^Ttfc. W ±12 OD «k 5 
0. 5mm/m i n£t±Oj««aiK"C*»§8aS»ifiL/ 

[0 0 5 4] ««K:**B8t?«fflLfcCZS*-<t**l* 
b h b^I±^S(7)S^^I1I2 (a) (b) IZ^VmW? 
£ 0 H2 (a) K:*T«fc5fc:, £<&*ig||-3l±tfg«3 

y#3 2t, ;U^/P3 2 CDSH^ESSn^t: — ^ 3 4 

mmmm (H«*r) yu^x^ig^^t^ 

©5/ U 3 >K» (») 2 £JR*T*«fctt5^;l'y3K** 

[0 0 5 5] *»9HOSit^rffik:Blt)*«JB*# 
Vi^o 0 2 (b) tc^bfefecote, SiicBHSKI?. 

n«»f!Rtfl0H t©Tft>' , J3>M20M3 



(7) 
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2- 2 0 cm©HPB*RttTRtSnT^-5, 

iz. *isrtt9i±tf*3 i©*¥^iRj©^«fc, ^TFb 

[0 0 5 6] ±BO**MI5l±WT*«3 OCi^ 

T5/U 3>©B«K*«f»K»«r»/SC (81 4 2 0° 

tt3U2a»£l*£» ^CDSL M*S»«3 3*aiO 

&j$n£ 0 bus, 5i±tfa*iMft«rji«ifciiias'r-5c 

[0 0 5 7] £CD«£\ *»BJTU, #539!<B@W£ii 
^ j*T*fc»fc4*fc«»T**<0tt, 02 (a) SfcliH 
2 (b) £«b&J:'5fc:, ^!±tfS3 1 <DMW-t<Dm$£ 

i&wi*<Dm^ft(Dftm£m\z£>^T, mm&#<Dtt 

Mi<DM*frt> 1 4 0 OtSTOflftlK^ftmTffStk'S 

fclIttcDJIM&« m&M) 9^ii»«i0SR&ft 

[0 0 5 8] ^75:t)^> 2:©jprtitflE*«Wr««:«)' 
13, 0y^.«0 2 (b) ^b*:<£5£, 3(±tfa3 1rt 

^2-20 cml;g)lttl«J:^o Z.3~?tl& M£k* 
30 ^«»©fi«^EGc [t/cm] £«SiiM52gB#<Bfi 

-TS^fcTS*. £©*HB!*rS»*fl 0tt*»«l 2 CO 
JHftUc&rK Mfiffi l 2 ©fiW:t)(r!RH[ l 1 *R»T 
Ir^. Sfc, H«m 1 2 CQite&Mff 1 3 ICOfttfD, 

[0 0 5 9] ^±^^5>Un>^ B B Q co^3t^&-C^ 

^B««*<fc«lt*WlH3W*i;ic< i ««tf*Ox— 
A^HrtfcSftb&^^ai^tt^x— ATab^o 

[0060] *»b^«, ±E*ifi*«fciB^ an 

50 ©WfF**©«B^E*an&S««Sffl<t*Kfi9k:ra 
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[006 1] mx-ft. ±mmm^m\z^x^ mms 

[0 0 6 2] 

[Hi] *^BJ^^SM^i:^ B B ^PlS^^cr)il«^«1- 

(a) glA, (b) SIB, 

[B3] (a) W&M*&&mmtmikWm&M<DM&$: 

(b) #3l±W s 3g«OOSFS/3.U>^ifiaE**r«?8 



i4 



(c) Cu5*#^^a>IMiK»©ff«artt*»"rKW 

[H4] *»§BT«fflbfc*JS»9l±tfS«TWfiEbfc 
¥JKSCDjBfitt^lP](7>WL T7 y ^7?* -So 
(a) ilA, (b) igBo 

[05] CU7#^>3 >K«fc ON vmWZ&lfZ>iKf& 
(a) Cu7#yya>ift (b) fc«<Dft^Nv 



i0 [fH6] Nv««W©KflSJIItBffiU^;U«:jB3eUfctt* 
(a) C u r#y 3 >l:i 0 *R»4««, (b) 

[fl*©RW] 

1 2-; /U^>B^ 3-»®, 4- 

i o 1 1 vrtfia»fj!&«, 12 

a? «, 1 3 14 3 0-#«»5l±tf 

3 1- 3I±M, 3 2- Jl/7^ 3 3-W*« 
J$«K 3 4-k-^ 3 5- M. V-V««, N- 
OSF-OSFU>WOSFffl«, I — I 
|g«* Nv-Nvi«, Ni-Ni» Dn-Cur 



mi] 



[17] 



v 

(nun/mm) 




E 
\ 
E 
E 




1 OO 
MfifeS [mm] 



200 




Cb) 




-3 Cb) 



J**SJS 

Cmm/mm) 
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